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IST talk overview

 Requirements
 Detector overview

« Status and plans
— Design status
— Fabrication Plan
— System testing

« Cost and Schedule
- Basis of estimates
 Resources

« Risk Assessment
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IST Iin Inner Detector Upgrade

- TPC — Time Projection Chamber
(main tracking detector in STAR)

HFT — Heavy Flavor Tracker
® SSD - Silicon Strip Detector
IST — Inner Silicon Tracker

®r=14cm
® PXL — Pixel Detector
®r=-258cm
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IST CD-4 requirements

3 Internal alignment
IST and SSD

s e?
s
<300 pm caet
0 °
woW

Survey during construction
and assembly

6 Detector hit
efficiency IST

SLow noise electronics,
source and cosmic tests

7 Live channels for
PXL and IST

> 96% with 98% it
o Wi o purl = 5\“?
\ace
re?

> 95%

<1% dead silicon pads,
redundancy, spares, care...

8 PXL and IST
Readout speed and
dead time

< 5% additional dead time @
500 Hz average trigger rate and
simulated occupancy

APV25-5S1 readout time ~10-
30us, fully parallel,
appropriate buffering

Design meets these requirements
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IST additional requirements

« Resolution of ~200um (?) in r-® to provide
required pointing resolution of 250um (?) to PXL

« <1.5% Xo to limit multiple scattering and to
minimize the impact on mid-rapidity physics

« Radiation hard for 10 years of 30 kRad/year
« Be able to resolve 107ns beam bunches

Careful choice of light weight materials,
high-res. sensors and fast readout system
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IST overview

Radius l4em
Length 50cm
p-Coverage I
n|-Coverage =12
Number of ladders 24
Number of hybrids 24
Number of sensors 144
Number of readout chips 864
Number of channels 110592
R-¢ resolution 172pm
Z resolution 1811 pum
Z pad size 6000um
R-¢ pad size H00um

IST makes use of established technologies
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IST stave

IST stave = carbon fiber ladder + cooling tubes
kapton flex hybrid + passive components
6 silicon pad sensors
3 x 12 APV25-S1 readout chips

electrically divided in 3 units to reduce chance of
failure of a full stave
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IST ladder and hybrid

1.50 Do
1

- :[8055um |,
— [ 8055um ]
14.0 cm | r* I~
Silicon Pad Sensor : ELPV25—51

Kapton Hybrid-Cable folded to backside of ladder

'|~ 64 mm'. -]

f |

« 6 Sensors
« 36 APV25-S1

_. | « cable, folds
o o over to back

besign prototype ladder & hybrid finished
In production, ready In September
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IST silicon pad sensor

Silicon sensor size: 76.900mm x 40.000mm

Active area pitch: 6275um x 594um TR
13 columms x 64 zous = =2
WSS | S0
WSS | | | ==
milil— | | ==
e

——— |

1l = =[]
‘ Mask drawings approved, 8 prototypes expected in September \
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IST readout chip

1
|
|
1
|

e i

APV25-S1
STAR use: - IST
- FGT

- pp2pp
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Developed for CMS
(75,000 used in tracker)
(used in COMPASS for triple GEM)

0.25 um CMOS
Radiation hard

128 channels parallel sampling

40 MHz sampling rate

4 us analogue pipeline

< 30 us deadtime for 20 MHz 3-sample
readout

11:1 signal to noise ratio

0.3 Watt per chip

All chips have been procured
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IST readout system layout

DAQ Server

Slow Controls

\-57

[
70 feet E
24 Ladders

Inside STRR TPC

A4

I8qT4d

Readout Crates

1h
|V

Modified VME Crate
-18 APV Readout Modules
- 3 APV Readout Controllers

ARC

wp HW

East STAR TPC Wheel
Middle Support Cylinder s R

v

Power Supply Rack GND

Layout 80% done, FGT as testbed
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IST readout system

| HV supply module

Designh 90% done, ready for FGT installation in FY12
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IST cooling

o FB.61
85749
82098
80.027
7766
74305
71444
668.583
65711
82861

80
Temperature [F]

—n“'.;l

Maximum readout chip

33°C
temperaire
Cooling fluid velocity 0.3-3m's
Maximum pressure 0.2MPa
Cooling flmd inlet
ooling fluid inle e
temperamire
|
Cooling fluid 3M Nowvec 7200
Cooling flmd lm/'s
Maximum pressure 0.14MPa
Calculated maximum
temperature of readout 34.9°C
chip

- Fluorocarbon fluid based cooling

daisy chaining of staves

- Simulations show proper cooling for one stave and possible
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IST design status summary

WHS
b 2011 2012 2013 2014 2015
a3 [ Gir4 otrd | otr2 [ a3 [ ctrd4 ot | otr2 [ a3 [ Gtra ctrd | otr2 | a3 [ ctrd ctrl | or2 | a3 [ ctrd it 1
1.3 ; Intermediate Silicon Tracker {ISTH
1.31 Mechanics
1.3.1.1 : Mechanicql Design
1311 . @ Support structure design {(Jim/Jagon 100%, Draft 100%)
13142 : G Cocoling system design (Jim/Jason 100%)
13113 il; adder design (Jim/Jason 100%)
1.3.1.2 ' Mechanical prototyping
1.3.1.3 | - Mechanical Procurement Fabrication
1
1.%2 ; Electronics
- A
1.3.241 o — Electrical Design and Requirements
I
321, =k lesign {Gerrit
ESE ensor deyon (Gerrty Percent complete
== Readout chip speclﬁqa:‘tl NS
13213 lex hybrigl design (Ben 100%) Su ppo rt structure 30%
1.3.2.1.4 : Readout system design .
(0)
132141 3 Crate delign COOIlng System 10%
132142 Data transmitter design H (o)
132143 2 APV Realout Module design Lad d e r d es Ig n 100 A)
132144 I APV Reaflout Controller design H Yb ri d d e S | g n 100%
132145 @@ Bias volage supply design -
(o)
132146 @@ Transition box design (Ben 50%, Gerard 50%) Se n S O r d e S I g n 100 A)
1.3.2.1.5 DAQ design = (0}
132151 Fiber specification C h I p S pecs 100 A)
132152 Data receiver specification Re ad (0] ut Syste m 90%
132153 Computer specification
13216 Slow Controls design SIOW ContrOI S 20%
1.3.2.2 Electrical Prototyping
1.3.2.3 _ Electrical Procurement/Fabrication
133 v fesenil estngandineilin
1.3.4 : Management
o anEN, (@ T titeded SLIDE 14




IST fabrication plan

WHS
. 2011 2012 2M3 2014 2015
o3 [ G4 a1 | a2 [ a3 [ ctrd atr1 | a2 [ a3 [ ctrd o1 | a2 [ o3 [ ctrd a1 | a2 [ o3 [ atrd atrl |
1.3 ¥ ; iy Intermediate Silicon Tracker {IST
o v v Hecrmelioes
b1 echanic: esign L
\ .
J————— Critical steps:
131241 . (- Prototype ladder production
i >
133 ! L. iy Mech I Procurement Fabrication 1 - prototype senso rs
\
1.3.1.341 H Support structure material
-
13132 | E: Support structure produgtion {Jim/Jason 100%) 2 —_— prototype hybrlds
!
1.3.1.3.3 . - Iy Cooling syst material
13134 . Qoolin lucti Jim/J P5%, STAR Oy
! [ g system production (Jim/Jason oy ps) 3 _ roto e |adders
13135 ! e Ladder production (LEHL)
1.3.1.3.6 . ey Project specific tooling
' Sp— 4 - prototype stave
|
1.3.21 " iy Electrical Design and Requirements
1322 Electrical Prototypin 5 —_ Od ce Se SO S
—— g produ nsor
13224 i; Prototype sensor mask drawings
13222 ! Prototype sensor mask drawings approwval (Gerrit, Committee) 6 —_ prOd uce hyb rid s
13223 . - Prototype sensors production
13224 E (@ Protetype flex hybrid predustion 7 d | dd
132248 === Pritotype readout system labor pro uce a ers
1.3.2.3 & ; iy Electrical ProcurementFabrication
! —
| R 8 — assemble staves
13232 E" Readolt chips procurement .
i
fm e bridrocromer 9 - integrate laye
13233 ' ‘; ex hybrid procuremer In r r
1.3.2.3.4 . Cable procurement
132335 | G Transition boxes procurementfabrication{Dale 100% 11 T 1 & | »
: 5 | mae 100 10 - install in STAF
I Readout system procufement ===
|
H DAG procurement ‘
13238 | s Slow Controls procurementsiassembly
\
1.3.2.3.9 ! Generic tooling procurement . .
| 4 v nssemi wstnaaf K @EPING 5,6 and 7 in FY12
1.3.31 | = Prototype assembly . .
!
st R and starting assembling staves
13312 1 Mo Stave testing (Grad,Gerrit) . . .
!
1.3.3.2 ' L= iy Component Testing In FY ].2 IS Cruclal to be ready
1.3.3.3 . === Assemble staves . .
1.3.3.4 , gy Layer Integrati f " RU N 14
; ayer Integration or installation
1.3.3.5 ! ey Installation in STAR
1.3.3.6 . =y Cooling system
1.3.4 = : iy Management
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IST system test(s

WHS
i 2011 2012 2013 2014 2015
ctrs | Gtrd ctrd | or2 [ a3 [ Gird otrd | Gtr2 [ otrs | Gtrd il | or2 | a3 [ Gird otrd | Gtr2 | atrs | Gtrd it
1.3 " Intermediate Silicon Tracker {IST
1.31 : Mechanics
1.3.2 : Electronics
1.3.3 ' Assembly, testing and installatiop
1.3.3.1 X Prototype assembly
1.3.3.2 E Clomponent Testing
1.3.3.3 ' : Assemble staves
13331 | Mount components and readout chips (Dalg 50%, Bates tech 100%, Tech supervispr 10%)
133352 ReadOUt Ch|p : Wire honding readowut chips {Bonding tech 50%)
13333 | functionality tests : —> adout test staves (Gerrit, Ben 50%, Gad)
13354 | ount sensors (Dale 50%)
13335 E Wire bonding sensors (Bonding tech, 50%)
13338 Full stave test, source | » Test staves {Gerrit,Ben 50%, Grad)
13337 and/or CosmiCS ! Survey staves (Gerrit,Grad)
1.3.3.4 ' Layer Integration
13341 | Assemble IST layer (Gerril,Grad, Dale 100%, Jim/Jason 100%)
13342 Partial Iayer tests, max. 4 staves per —» TestIST layer {Gerrrt,Be_n 0%, Grad)
13343 . . . — Survey IST layer {Gerrit,|Surveyors)
13344 teSt’ fu nCtlonallty’ maybe colsmlcs Insert IST layer into HFT (Gerrit, Jim/Jason 100%, Dale 100%)
13345 . ‘» Test IST layer in HFT {Gerrit, Ben 100%, Grad)
13348 - HFT {Gerrit, Surveyors)
1335 | Full layer functionality test with full readout | Installation in STAR
13354 system and STAR DAQ, cosmics Inzertion (STAR Ops)
13352 T " Testing (Gerrit, Ben 100%, Grad)
1.3.3.6 E = Cooling system
1.3.4 ] Management
Schedule includes functionality tests in each step of the assembly process
gNaTEN @ oo SLIDE 16
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IST cost by Level 3 WBS

WBS Name Cost ($K)
1.3 Intermediate Silicon Tracker (IST) 2.533.65
1.3.1 Mechanics 599.02
1.3.2 Electronics 1,110.69
1.3.3 Assembly, testing and installation /57.88
1.3.4 Management 66.06

Budget pretty much equally divided between 1.3.1, 1.3.2 and
1.3.3 when not taking the $450k silicon sensors into account
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IST basis of estimates

MC

documentum eRoom

=l _J Reference Material
.J 1.1 Management_supporting_documents
1.2 Pixel Detector (PXL) _supporting_documents

185 Pkl Rand Quote # L
PO B £310

Eridgmamer, W) [EEOT-CA10 Dt | 2mze
Prats

- : 304217351 i B
=l 1.3 Intermediate_Silicon_Tracker (IST) supporting_documents Erva: e s o —

Fax: 7132520421
Ernnd: roch Ber#tamaradss con

= 1 1.3.1_Mechanics
.J1.31.1 Mechanical Design
= 4 1.3.1.2 Mechanical Procurement_Fabrication
a 1.31.2.8 ProductionLadderPrice txt
=l 41313 Mechanical Prototyping
@ 1.3.1.3 Ladder Prototype.txt
= 1.3.2 Electronics
_J1.3.2.1 Electrical_Design_and_Reguirements
=l (1 1.3.2.2_Electrical Prototyping
@ 1.3.2.2.1 PrleiminaryQuote 30Jul2010.txt
= 13221 Sensor_Quote_Hamamatsu_23Feb2011 pdf
@1.3.2.2.1_Sen50r_Quute_Hamamatsu_Nntes_E3Feb2ﬂ11.d0c
@ 1.3.2.2.2 PrleiminaryQuote 30Jul2010 txt
= 1.3.2.2.3 IST protohybrid_quote FPC 08Feb2011.pdf

Brockhavan Mational Lab
Aaniin:

12145B0THS Brookdasves Rationsd Lab :Videhes .
Heddremn

PR
rlgm
e

T [ Zaka Engineer [Tarma [=hip¥ia [Foe

]
VELEIT | Horm Schder | | | umddesan, R

Flaass rom:
1] R KT Oecés rursbes 30TE deded 322071,
2| Bid nztm: WDRD file - "Casr- M T bidnawa_Cucts Deted 3331142 am mads pani ol his queiasan.

™ 1.3.2.2.3 I5T_protohybrid_guote_Wulcan_09Feb2011 pdf . .

.1 1.3.2.3 Electrical_ Procurement_Fabrication EStImateS-

1133 Assembly Testing Installation - quotatlons or Catalog prlces

:|||1.3.4_Management . - .
_J1.4 silicon_Strip_Detector (SSD)_supporting_documents - eng|neer or phy5|C|St estimates
_J 15 Integration_and_Global_Supports_supporting_documentation . .

_J 1.6 Software_supporting_documentation based_on prevu)u_s experl_ences .
and with appropriate contingencies
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IST resources at MIT

?

2.50
2.00
' I
1.50
L
j
L
™o
=
=
=
o
1.00
0.50 ]
— ——
2010 2011 2012 2013 2014
 Technical = 0.01 0.39 0.10 =
Scientific 0.0g 1.00 1.00 1.00 0.07
E PM Support - 0.07 0.11 0.11 0.01
M Engineer - 0.12 0.41 0.43 0.02
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IST milestones

Level |Milestone Planned Actual/Forecast

1 CD-0 Approve Mission Need 2/18/2009 (A)

1 CD-1 Approve Alternative Selection and Cost Range 8/31/2010 (A)

1 CD-2 Approve Performance Baseline Aug-11 Aug-11
1 CD-3 Approve Start of Fabrication Aug-11 Aug-11
1 CD-4 Approve Project Completion Mar-15 Mar-15
1.3 IST

2 Sensordesign Finished Oct-11 Jul-11
2 Prototype ladder tested Mar-12 Dec-11
2 Flex hybrid produced Jun-12 Feb-12
2 First staves produced Sep-12 Jun-12
2 Stavesfinalized Feb-13 Nov-12
2 Integrated into HFT Jun-13 Mar-13
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IST control checkpoints

WBS
4 2011 2012 2013 2014 2015
oird [ Gtrd a1 [ Gtr2 [ Gir3 [ atrd ctr1 [ Gir2 [ Grd | Gird cird | etr? [ Girs [ Gtrd ctrd [ o2 [ ctr3 [ dird Gitr 1
1.3.4.4 . Level 2 Checkppings

13441 L2 ¢P - Sensor design ﬁnisImI:qI Q'

13442 L2 CP- Protot}l:'l € laflder tepted 4

134453 L2 CF - Flex hybrifls produced & .

13444 L4 CP - First stave prodhce Level 2 ChECprlntS

13445 X | 2|QP - Stavess finalizel] ¢

13446 | L2 CP - Integrated in HAT &

1.3.4.5 E Lievel 3 Checkpoints

134541 L3 CP - Profotype flex hybrid produczd &

1.3452 L} CP - Prototype sensolrs p'rrotlucetl "

13453 LICP- Supp-%)rt structure produced *"

13454 L3 CP - Transition boxes prodyiced and tested ..‘.'

13455 L3CP - S’ta‘:rt wire bonding readout chips g

153456 L3 CP - Sensor procirement finished ’"

13457 | L3 CP - Cooling system produced ’" Level 3 C h ec kp0| nts

!

13458 '3 CP - Start wire bonding sensorsyg

13458 X L3 CP -|Stave production finished ‘"
134510 | L3 CP - Start of layer integratiofpg
1534511 E L3 CP - Readout system procuredpg:
134512 : L3 CP - Layel surveyed ’"
134513 E L3[CP - Cooling system assembled
134514 . L3 CP - Dutside cables installed §

L2 and L3 CP's reported against L2 and L3 Milestones monthly to PM
DTN, (@ ), %’Zgﬁ c"ef SLIDE 21
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IST risk assessment,

WBS description Description ;Z;gz;}al Schedule Conseq. Costlmpact  ($K) Type of Risk |Impact  |Prob Severity |Mitigation Strategy
Intermediate Silicon Tracker
Support structure Morﬁ't LI CHO T TR 0l none possible delay none schedul 0 low | low scheduling slack
requirements !
1
Ladders !:alrlure o produce all ladders none dfala‘{ in assembly none s moderate [low I Jow scheduling slack
in time pipeline
- - - f
Sensor drawings and masks DE!SI'QI'I p!roble'ms leading to none 2Ge n prototype none hetWtle low low I low scheduling slack
multiple iterations production )
Prototype sensors Fallu're to'functmn ascaniinglio none ey |r|' il s NR’+ cost/schedule |moderate |low | low scheduling slack,reliable vendor
specifications production prototypes |
T
. Failure to functi rding t . . .
Flex hybrid a u_re 0_ neion according 1) one delay in full production |$ cost/schedule |low low I low scheduling slack, less prototypes
specifications
Sensors Production problems none delay in assembly one schedule moderate |low | low reliable vendor, stage batch production
1
Flex hybrid Production problems none delay in m schedule moderate [low | low scheduling slack by producing early
|
Signal cables inside field cage |Production problems none none schedule low low | low conservative design, produce early
;
Signal cables outside field cage |Production problems none none schedule low low | 10OW  conservative design, produce early
|
T
?;Zivoltage GRERSR = Production problems delay in installation  |none schedule low low | low conservative design, produce early
f
Transition boxes Fabrication problems delay in installation  [none schedule low low I |ow conservative design, produce early
Readout system Problems straightened outby FGT
DAQ Problems straightened out by FGT
delay i bli i in lab t, Establish ti bl
Assemble modules Assembly@er none elay in assembling  increase in fabor cost, cost/schedule |moderate |low I low STAvlish conservative assembly
staves $20k/mo pipeline
T
Assemble staves As ly lems none E:Ielay |r|' 7 1= Ol e cost/schedule |moderate [low I low E,Stat,,hSh EeLEs Al lE e
[ integration $20k/mo Iplpelme
f
Layer Integration ation problems none delay in installation  [none schedule moderate [low I |ow delay installation
T
Cooling system Assembly problems none delay in installation  |parts and labor cost/schedule [low low | |low assemble early
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Summary

- IST meets the CD-4 requirements and the additional
experimental requirements

« Design is about 90% finished

- Fabrication plan can be executed successfully
provided that the FY2012 production schedule is
followed carefully

« Functionality tests are included in each step of the
assembly process

« Budget is based on quotes and realistic estimates
« Resources are sufficient to meet the milestones

- The risk severity is low for all major project tasks 2
and mitigation strategies are in place -
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